Background: Cervical cancer is the fourth most common cancer affecting women worldwide. Since 2006, two human papillomavirus vaccines (HPVV) have been licensed to protect women against the virus that causes cervical cancer. However, worldwide coverage remains unequal. Studies from the USA found strong evidence for differences in HPVV uptake by ethnicity and healthcare coverage. As the profile of ethnic groups and the healthcare system in the USA differ from countries in Europe where HPVV is free in most of the countries, we conducted a systematic review in order to analyze the determinants of HPVV uptake in Europe.
Introduction
The latest statistics published by the International Agency for Research on Cancer (IARC), the specialized cancer agency of the World Health Organization, shows that cervical cancer occupies the fourth position in the list of the most common cancers affecting women all over the world, preceded by breast, colorectal, and lung cancers (1) . More specifically, the estimated incidence of cervical cancer was of 527,624 new cases in 2012. In the same year, cervical cancer was responsible for 265,653 deaths in the world, which constituted the fourth most common cause of cancer death worldwide (1) .
Cervical cancer is often defined as a disease of disparity, because it differently affects poor and wealthy countries: at least 80% of cervical cancer deaths occur in developing countries (1) . However, disparities also occur within a single country, as is the case of the USA, where Hispanic and African American women have, respectively, 2 and 1.5 times more risk of developing cancer than non-Hispanic White women (2) . In Europe, the incidence and mortality rates of cervical cancer vary considerably within the region (3).
Since 2006, two human papillomavirus vaccines (HPVV) have been licensed globally, aimed at preventing cervical cancer: Cervarix®, a bivalent vaccine that targets papillomavirus 16 and 18, and Gardasil®, which additionally targets papillomavirus 6 and 11. Types 16 and 18 are responsible for around 70% of all cervical cancer cases, whereas types 6 and 11 are responsible for about 90% of anogenital warts (4) . Immunization as a three-dose series against the human papillomavirus (especially before sexual onset) is recommended as primary prevention method of certain HPV infections, in order to reduce the incidence of cervical cancer and other anogenital cancer (5) . However, worldwide coverage remains unequal and uptake varies widely (6) .
Population-based studies (7) reporting information about HPVV uptake are helpful to identify determinants associated with poor vaccination. Hence, vaccination programs or campaigns geared toward reaching populations with low HPVV uptake can be designed to improve coverage.
A systematic review and meta-analysis (8) published in February 2013 found strong evidence for differences in HPVV initiation by factors such as ethnicity and healthcare coverage. The results were based on 27 studies, of which the majority were performed in the USA (n = 22), with additional studies from Canada (n = 2), and only three were conducted in Europe. As the healthcare system and the profile of ethnic groups in the USA significantly differ from countries in Europe, we consider it relevant to focus on studies reporting data from Europe. To our knowledge, no systematic review reporting factors associated with HPV vaccine uptake has been published to date in this specific region.
The aim of this study is to conduct a systematic review of the peer-reviewed literature in order to analyze the determinants of HPVV uptake in Europe.
Method Data Sources
The PRISMA guidelines (9) have been followed throughout the elaboration of this systematic review. A systematic Pubmed, Scopus, and Science Direct search was performed by the authors. The search terms were "HPV" or "human papillomavirus" AND "vaccine" or "immunization" AND "uptake" or "coverage" AND "inequalities, " "determinants, " "socio-economics, " "minority groups, " "ethnicity, " or "social background. " Those terms were also combined with "Europe, " "Eastern Europe, " "Russia. " Finally, the reference lists of the selected articles were reviewed in order to get additional references not identified via the database search.
Eligibility Criteria
We selected articles reporting HPVV uptake in females with no age restriction, and reporting at least one factor associated with vaccine uptake (either initiation, completion, or both). Articles could include register data or data from questionnaires/surveys, and no publication date filter was selected. All studies aimed at identifying and assessing factors associated with HPVV uptake were included. HPVV uptake by both routine and catch-up groups was considered. No European country was excluded. Only articles reported in English were selected. Interviews, reviews, and gray literature were excluded. Articles in which the main focus was knowledge, attitudes, or intentions to receive the HPV vaccine were also not eligible. Publications reporting the same cohorts were only included if the variables studied were different.
Definitions
Human Papillomavirus vaccines program initiation refers to the uptake of either the first or the second dose of the three dose program recommended to get the full benefit of the vaccine.
Human Papillomavirus vaccines program completion refers to the reception of the three vaccine doses recommended to get full protection.
The routine group refers to the primary target group to receive the HPVV, which usually aims at girls that did not start their sexual life (5) . Catch-up programs refer to those programs that have been created to target slightly older girls, usually up to the age of 26. The recommended age for either routine or catch-up group is determined by each country.
Data Extraction
All the relevant data were organized and extracted into the PRISMA predefined form (9) . Descriptive data such as study population, study location, study time period, study design, vaccine delivery mechanism, and sample size were extracted for each study. The overall risk of bias was assessed for each study according to the sample size, and classified to be from low to high risk (<1,000 participants). (Table 1) .
Most of the studies reported their results based on tests for associations between variables and the following assessment of the strength of the associations. The effect measures most commonly employed were: odds-ratio (n = 14), relative risk (n = 2), and hazard ratio (n = 2). Other studies (n = 5) reported correlation coefficients and p-values to measure association, which also were included in the results section.
Data Variables and Statistical Analysis
The data analysis was performed by tabulating the data collected from the variables of interest and outcomes (HPVV uptake, either initiation, completion, or both) of the selected studies. If available, adjusted results were preferred to do the comparison among studies; however, unadjusted results were also considered in case no adjustment was performed in the study.
Results
A total of 349 articles were identified through the different databases. Of these, 221 were excluded for different reasons: having a different research question (n = 98), not being Europeanbased studies (n = 79), being duplicates (n = 42), or not being in English (n = 2). The abstracts of the remaining 128 articles were reviewed, and 68 were excluded for not being a study based in Europe (n = 46), for being review articles (n = 6), for addressing a different research question (n = 6), for not reporting data collected through registers or surveys (n = 4), for explaining intentions and attitudes toward HPVV, not actual vaccination (n = 3), for not reporting data on factors associated to HPV vaccine uptake (n = 2), and for not reporting data on HPV vaccine uptake (n = 1). Overall, 60 full-text studies were assessed. After assessing the inclusion and exclusion criteria, 19 were identified as relevant articles for the systematic review and 41 were discarded. The reasons for exclusion were reporting about intentions, beliefs, or attitudes toward HPVV (n = 19), for not reporting data on original European studies (n = 11), for not reporting data on factors associated to HPV vaccine uptake (n = 9), and finally for not providing data regarding HPV vaccine uptake (n = 2). Additionally, four studies were found through the reference list of some of the selected articles and included in our systematic review. Overall, 23 articles reporting HPV vaccine uptake and factors associated to it were selected since they fulfilled the inclusion criteria ( Figure 1 ). 
Study Characteristics
Overall, data on 6,247,077 women aged from 12 to 44 years were included in the studies presented in 23 articles, representing ten countries. Of the included studies, 11 focused on the HPVV initiation (10, 12-14, 18, 19, 21-23, 28, 31) and factors associated with it, three focused on HPVV completion (11, 25, 27) , and nine focused on both initiation and completion (15-17, 20, 24, 26, 29, 30, 32) , along with factors associated with it. Sample size ranged from 238 to 2,493,698 women, and 19 studies had a sample size over 1,000. The included studies were mostly retrospective chart reviews or retrospective cohort studies based on data extracted from registers or databases (n = 14). The rest were cross-sectional surveys (n = 6) and prospective cohort studies (n = 3).
Factors Associated with Vaccine Initiation Ethnicity
Overall, 12 studies (10, 12, 17, 19-24, 28, 31, 32) compared HPVV initiation by ethnicity. Nine (10, 12, 17, (20) (21) (22) (23) (24) 32) found an association between ethnicity and HPVV initiation, where the uptake was substantially lower in areas with high ethnic minority populations. Out of the nine, three studies (20, 23, 24) conducted in the UK showed that the probability of Non-white girls being vaccinated was lower compared to White girls. The last study (32) conducted in the Netherlands found that having Moroccan ethnicity contributed to non-participation in the HPV immunization program compared with the ethnic majority in that country. That was confirmed by another study conducted in the Netherlands (32) . On the contrary, three studies (19, 28, 31) [two of them (19, 28) with a very small sample size] found no association of HPVV initiation with ethnic background ( Table 2) .
Socio-Economic Status and Education Level
Fourteen articles (10, 13-15, 17, 20-24, 26, 29, 31, 32) reported data on socio-economic status or area-level indicators and HPV vaccine initiation. All studies (10, 13-15, 21-24, 26, 29, 32) but three (17, 20, 31) showed an association between pertaining to a disadvantaged socio-economic group and lower HPVV initiation. For two of these studies (22, 24) , however, this association was only seen for those girls that belong to the catch-up group (17-18 and 14-16 years, respectively). On the contrary, three studies (17, 20, 31) found no evidence of association between HPVV initiation and socio-economic status. Regarding education level as such, a small study (19) found that girls with more than 11 years of school education had a higher HPVV initiation than those with less than 11 years of education. These results were supported by another study (14) that found that girls enrolled in a high school or higher degree had higher vaccine initiation than those with a lower degree ( Table 3) .
Age
Of the seven studies including a cohort of girls aged 12-24 years (10, 13, 16-18, 26, 28) , which allowed comparison of HPVV initiation between different ages, three showed the highest vaccination initiation at the age of 16-18 years (13, 16, 28) , two (10, 17) at the age of 14-15 years, one (18) at the age of 14-16 years, and one (26) showed similar HPVV initiation from 12-17 years of age. Additionally, two studies including a cohort of girls aged 18-26 years (14, 19) found no significant association between age and HPVV initiation ( Table 4) .
Vaccination History
Having received, previous childhood immunization was associated with higher HPVV initiation in all studies (10, 12, 20, 23 ) that compared immunization initiation by childhood vaccination history, but one small study (28) . Being vaccinated against Hepatitis B was found to be associated with higher HPVV initiation in one study (18) (see Table S1 in Supplementary Material).
Mother's Cervical Screening Attendance
Regular participation of mother in cervical cancer screening programs was positively associated with HPVV initiation in four studies (18, (30) (31) (32) ) that compared uptake by mother's screening attendance. In one of the studies (32), the likelihood of HPVV initiation was 40% higher if the mother regularly participated in cervical cancer screening programs compared to those whose mothers did not participate (see Table S2 in Supplementary Material).
Area of Residence
One Danish study (12) making reference to population density showed that girls living in the least urbanized areas (1-9 inhabitants/km 2 ) had the lowest HPVV initiation (aHR = 0.87; 95% CI: 0.77-0.97) compared to the most urbanized areas (>1,000 inhabitants/km 2 ). HPVV initiation in urban schools was twice that of rural schools (aOR = 1.9; 95% CI: 0.86-0.99) in another study (29) conducted in France. This was supported by another study also conducted in France (15) , which found an association between living in a rural area and having a lower HPVV initiation (aOR = 0.96; 95% CI: 0.92-0.99). On the contrary, living in rural areas (<1,000 inhabitants/km 2 ) remained associated with higher vaccine initiation in two other studies conducted in the Netherlands [aOR = 0.80; 95% CI: 0.70-1.00 for a high degree of urbanization (31) and 6.6%; 95% CI: 6.10-7.00 for the other study (32) ]. This result means that looking at the participation in HPV immunization programs and cervical cancer screening, 6.6% of non-participation in both prevention programs was attributed to the fact that they were living in an urban area (32) .
Consultation with a Specialist or Physician's Recommendation
Having consulted with a specialist (pediatrician, family physician, gynecologist, or other) was associated with higher vaccination initiation in one study (aRR = 1.33; 95% CI: 1.30-1.36) (15) and physician's vaccine recommendation was associated with HPVV initiation in another study (29) (aOR = 2.8; 95% CI: 1.70-4.70).
Other Factors
One study showed a lower uptake for those girls who never had sexual intercourse in the past (OR = 0.44; 95% CI: 0.17-1.11) (19) , whereas the other revealed that having had sex in the past is a negative predictor of HPVV initiation (aOR = 0.80; 95% CI: 0.60-1.00) (31). 26.5 (23.3-29.6 ), 33.3 (29.6-37 .0), 35.4 (30.8-40 .0), 43.9 (40.5-47.2) , 41.7 (38.4-45 .0), 37.4 (35.7-39.1 
Adjusted for index of deprivation score (ID score). m Adjusted for PCT (primary care trust) level and IMD (index of multiple deprivation). n About 6.6% of non-participation in cervical cancer screening and HPV immunization was attributed to the fact that the girls had Maroccan ethnicity compared to Dutch girls. o The results show a significant lower HPVV uptake in schools with a high number of girls belonging to ethnic minorities in the UK (p-value
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8). i The results from a multivariable multilevel logistic regression analysis show that 7.6% of non-participation in cervical cancer screening and HPV immunization was attributed to the fact that the girls lived in a neighborhood with a moderate-low SES compared to if these girls would have been living in a neighborhood with high SES. j Estimation of HPV vaccine coverage by deprivation level. Results of the percentage vaccination coverage mean (95% CI) from the most deprived to the least:
The results are reported as OR (95% CI) or HR (95% CI).
Factors Associated with Vaccine Completion Ethnicity
Lower HPVV completion was observed among ethnic minorities in the catch-up group in a study (24) that compared vaccine completion in the routine and catch-up group by ethnicity. This was supported by another study (17) that found a negative correlation between having completed vaccination by ethnic minorities (r 2 = 0.1; p < 0.001). Another study (20) also found an association between belonging to an ethnic minority group and lower HPVV completion, but in this case, only those girls belonging to the ethnic category "non-stated" showed lower vaccine program completion (aOR = 0.77; 95% CI: 0.65-0.92; p < 0.004). The study defined the "Non-stated" category as a group consisting of either children of populations that had missing ethnicity because they were born outside the participating Primary Care Trust (PCT) (e.g., immigrants), because parents did not want to reveal their ethnicity prior to the child's birth, or because parents did not understand that specific question at the moment they were asked ( Table 2) .
Socio-Economic Status
Four studies (15, (24) (25) (26) out of six (15, 20, (24) (25) (26) 29) reporting information about the three-dose program completion and socioeconomic status showed an association between non-completion 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996 and low socio-economic background. However, for one of these studies (25), the negative association was only observed among the oldest group of girls (aged 16 or older). In contrast, one study (20) found no association between lower HPVV completion and deprivation (p = 0.48), and one study (29) The same trend was seen in another study (27) , which also compared vaccine completion between University and Technological Educational Institute students, and the results showed a higher program completion among University students (OR = 1.22; 95% CI: 1.01-1.49) ( Table 3) .
Age
Two studies (15, 27) reporting vaccine completion by age group showed that girls aged over 17 years were more likely to complete the vaccination program compared to other groups of age. Two other studies (16, 17) , however, revealed that girls under 18 years of age were more likely to complete it. More specifically, one of these studies (17) showed higher program completion in girls aged 13-14 years. On the contrary, a study conducted in Scotland (26) found high vaccine program completion among all girls in that study, except from the group of girls aged 16-17 years that had already left school, where the uptake was lower ( Table 4 ).
Mother's Cervical Screening Attendance
Two studies (30, 32) found positive associations between mothers' cervical screening attendance and girls' program completion [aOR = 2.2; 95% CI: 1.6-2.9, and aOR = 1.54; 95% CI: 1.51-1.57, respectively] (see Table S2 in Supplementary Material).
Area of Residence
One study (15) reporting data on HPV vaccine completion by rural/urban area showed a lower vaccine completion in girls living in rural areas (RR = 0.92; 95% CI: 0.86-0.98) compared to those living in urban areas, whereas another study (29) did not find significant variation in the results by population areas (p = 0.24).
Prescriber
Two studies (15, 17) found an association between the specialization of the physician responsible for the vaccine prescription and the completion of the vaccination program. While one study (17) found that the program completion was higher if the prescriber of the first dose was a pediatrician or a gynecologist compared to a general practitioner [48. 
Discussion Main Findings
Belonging to ethnic minority groups and having a disadvantaged socio-economic status were associated with lower HPVV initiation and completion in the majority of the studies. The highest HPVV program initiation was observed at the age of 16-18 years in more than half of the studies. Consultation with a specialist was associated with higher HPVV initiation. Regular cervical screening participation by the mother was associated with higher HPV vaccine program initiation and completion. Having received previous childhood vaccinations was associated with higher HPVV uptake.
Findings in Relation to Other Studies
Regarding ethnicity, there is an overall association between belonging to an ethnic minority group and having a lower probability of HPVV uptake. That suggests that cultural factors concerning sexually transmitted infections could be an important issue in the HPV vaccine uptake. This result is similar to the previous systematic review mostly based on American studies that showed lower likelihood to initiate HPVV program among ethnic minority groups compared to the ethnic majority population (8) . Two of the three studies that did not report a significant difference in uptake between ethnic backgrounds had a population sample inferior to 500 girls. Thus, the number of ethnic minority girls participating in the study might not be large enough to be representative. Most of the studies showed an association between higher deprivation level and lower HPVV program initiation and completion. This is especially relevant since women and girls with low socio-economic status are at a special risk of developing cervical cancer (33, 34) . Taking into account that the HPVV is offered for free in the majority of the European countries, the lower uptake among deprived people is unlikely to be a result of purely economic reasons. Studies (35) (36) (37) (38) (39) reporting data on social inequalities in healthcare indicate lower healthcare participation among socioeconomically deprived populations. This indicates that the lower vaccine uptake among most deprived populations might be explained by a combination of factors; parents and girls may have a different perception on the importance of HPVV as a preventive measure, parents and girls may not have received information about the immunization program, or if received, did not have the time to read it or the knowledge or language skills to understand it (39, 40) . Some of the studies (22, 24, 25) measuring completion rates by socio-economic status, however, showed lower immunization program completion only for the catch-up group. In this case, the reason is likely to be the different delivery mechanism employed for older girls. The majority of girls in the routine cohort received the vaccination at school, whereas older girls are often sent to healthcare settings to receive the vaccine. This can lead to a decrease in adherence to the threedose immunization schedule since the girls or the parents have to arrange an appointment at the clinic instead of having arranged it by the school and during normal school hours.
As referred by Koulova et al. (5) and Garnet et al. (41) , it is recommended to start the vaccination program at a younger age and preferably before sexual onset in order to increase the vaccine effectiveness. However, in the light of our results, older adolescents have a higher probability to initiate and complete the program. The highest vaccination initiation rate was seen at the age of 16-18 years in four out of seven studies. These results are comparable to those published in a systematic review (4), which shows that higher vaccination rates were achieved among older adolescents. According to Dempsey et al. (42) , one reason could be the fact that parents might be more likely to accept the vaccination as the age of the daughter increases.
According to the literature (43, 44) , parental attitudes toward preventive measures often influence the decision-making of their daughters. This suggests that parents' general perceptions toward vaccinations may play a role also with regard to the uptake of HPVV. Furthermore, regular mothers' screening attendance has been found to be associated with HPVV program initiation and completion in a variety of studies in the literature (45) (46) (47) . This suggests that mothers who attend preventive health services acknowledge their relevance, and may transmit these positive attitudes to their daughters or to decisions regarding their daughters, which positively contributes to a high HPVV uptake. It is a concern that non-attending cervical screening is a predictor for under-vaccination, which suggests that there may be less added value of vaccination.
Limitations
There are several potential limitations. There is a risk of selection bias, which was assessed in the different studies according to sample size and the presence or absence of adjustment for potential confounders. Studies reporting data of small samples (<1,000 participants) were considered to be at moderate-to-high risk of bias ( Table 1) . Studies were heterogeneous in the study design, in the independent variables included, and in the definition of reference groups, making it difficult to compare results. Additionally, vaccination coverage was reported by either caregivers, by reimbursement data, or by the people themselves, introducing a risk of misclassification bias, recall bias, or response bias. Sampling strategy also differed across studies, leading to a potential selection bias. Some studies lacked statistical significance, given the small size and given that no adjustment for potential confounders was performed. Additionally, there was little consistency in the factors controlled for in the analysis across studies, limiting potentially the comparison of the study results. Most of the studies were performed in rather wealthy countries, and no study was found from Central-or Eastern-Europe, where the majority of cervical cancer cases occur, even though the vaccine is available in most of the European countries.
Conclusion
We found an association between ethnic minority background and disadvantaged socio-economic status and lower HPVV uptake in Europe. Given that the vaccine is offered for free in most of the European countries, the findings suggest that ethno-cultural and educational factors may be important when it comes to HPVV uptake. The fact that girls who are undervaccinated with HPVV also have lower uptake of standard childhood vaccines and mothers that are less likely to attend cervical cancer screening indicate that the reasons for non-vaccination are related to a general lower compliance with preventive health rather than specific concerns about HPVV. Efforts should be put into providing vulnerable populations with a targeted information on the vaccine, and health interventions such as vaccination campaigns should specifically target them to improve HPVV uptake.
Because higher effectiveness is achieved if the vaccine is administered prior to sexual onset, communication efforts should be made to increase the HPVV acceptance among young adolescents.
Since some girls leave school early, and therefore do not take part of the school vaccination programs, a reminder program can be designed where a letter is sent to each of the girls missing any dose, aimed at reaching the maximum HPVV program initiation and completion.
Further similar studies in other European countries, especially in Eastern and Central Europe, are needed to get a representative population and to find determinants in the HPVV uptake in these countries. The creation of patterns in the HPVV uptake would allow targeting these populations in which the uptake is significantly lower, with the ultimate objective of reducing the cervical cancer burden.
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